for such time as should be found necessary to achieve purification. This stipulation was made on advice based upon the observation that shell-fish would become purified if relaid in clean water. Unfortunately, in practice, no suitable-that is to say clean-place could be found; a difficulty which presents itself at most, if not all, polluted fisheries. (I may mention, here, that there are other serious objections, which practically exclude purification on natural relaying beds, but which I have not time to discuss now.) It was further realized that nothing in the way of deviation of sewers, or the rendering of effluents innocuous, could be attempted at Conway or elsewhere. Experiments in artificial purification were therefore undertaken, with the result that a satisfactory system was evolved, which has been in continuous operation at Conway for twenty-three years, and since extended to Lytham (three years), and to Brightlingsea (four years) for the purification of oysters; in every case with complete success. The contrast with the pre-purification period, when constant complaints were received, has been striking, for no complaint of illness attributed to the consumption of the purified shell-fish has been received during the whole twentythree years. (I suppose I ought to refer to one complaint made of several people becoming ill after a family banquet at which Conway mussels were consumed, together with other delicacies. Investigation, however, conclusively proved that the worst sufferer had eaten no mussels.) It will be realized that this experiment has been conducted on an adequate, and I think convincing, scale, when I mention that about 14,000 tons-that is to say some 400,000,000 mussels, representing perhaps 25,000,000 individual consumers-have been marketed from Conway alone. About 10,000,000 purified oysters have also been distributed.
So much for complaints having an epidemiological bearing. There are other categories, however. During the twenty-three years of purification, we have had a round half-dozen complaints from the markets that the mussels (never oysters) were unsatisfactory, for one reason or another. All such complaints were closely investigated, mostly at the markets concerned, and none of them was found to be significant. In some cases it was merely a matter of mussels kept for a week or more, which had undergone putrefaction. In others, an adventitious " dirty " appearance of the shells, due to the detritus of barnacles crushed in transit, was the trouble. In one case it was shown that " condemnation by consent " was at the bottom of it. In that case the vendor, being glutted on a bad market, surrendered the mussels for destruction-thus avoiding the necessity of paying the fishermen for them. A final case may be cited, as illustrating the vigilance necessary to prevent purification getting a bad name through nefarious practices. A bag of mussels was sent, at the request of a health authority, to a dealer in a certain city, in order to introduce them to that market. The dealer, for reasons of his own, did not want them. It was stated that many of the mussels (some eighteen hours after despatch) were dead and stinking, and were generally filthy. An appalling bacteriological report followed. The mussels were rightly condemned and destroyed-incidentally, before the report reached us. It was clear that it was a case of substitution, but proof sufficient to carry conviction to all concerned was difficult to adduce. The dealer had, however, like most criminals, omitted to cover his tracks in one small detail. The substituted mussels were mixed with-to quote the sanitary inspector concerned-" large quantities of brown seaweed ". Of course no particle of seaweed is ever to be found amongst purified mussels. As it was, some harm was done, as the fact of condemnation was assiduously broadcast by interested parties.
We have also had, on occasion, complaints based on bacteriological examination. I hope to show, later, that such complaints were without significance, except in so far as they indicated the desirability for consideration of the revision of bacteriological tests and standards as applied to shell-fish in general and to purified shell-fish in particular.
No DETERIORATION CAUSED BY PURIFICATION I may mention, at this point, that neither mussels nor oysters undergo any deterioration, in taste, in keeping qualities, or in any other way, as a result of purification. In the early days frivolous tales were spread about the mussels, mostly by disgruntled fishermen, but criticism is silenced by the fact that reliable judges of mussels, including representative connoisseurs from countries where mussels are a national dish (namely France and Belgium), prefer the purified shell-fish. More important, perhaps, is the fact that, recently, rumours originated and insidiously spread by interested parties, that purified oysters suffer in taste and keeping qualities, obtained a rather wide credence. In consequence, an exhaustive series of ad hoc experiments, extending over six months and covering the widest variations in temperature and other conditions at the purification tanks, was undertaken by the Ministry, with the result that such charges were found to be without a shadow of foundation. (I may add that the erroneous belief in deterioration was strengthened by the fact that certain perfectly honest and disinterested persons laboured under the delusion that the Brightlingsea process was similar to a process at one time tried out in France-an admitted failure and long since abandoned.)
Before proceeding to technical details, I may refer to two other points: the one epidemiological and the other commercial.
SHELL-FISH-BORNE TYPHOID To-DAY The incidence of typhoid is now reduced to such relatively small proportions that the role of shell-fish in its dissemination and perpetuation is liable to be somewhat overlooked. There is, however, still a definite dribble of individual cases or minor epidemics attributed by medical officers of health, in many instances after very careful analysis of the circumstances, to the consumption of both mussels and oysters. Only during the last few weeks I have been in touch with the authorities concerned in the investigation of four cases attributed to mussels, and presenting some specially interesting features. A rather striking fact is that in the earlier days of purification we had, locally, some five cases occurring at different times amongst " poachers " of unpurified mussels. More recently, similar instances of small epidemics, due to mussels illegally marketed from closed beds, have occurred. Oysters from certain of the more fashionable beds (if I may use the term) have been incriminated by competent authorities in perhaps a dozen cases in the last couple of years; and so on. One series of recent cases was attributed to mussels carrying an imposing certificate that they had been treated at a " purifying station ", which has long functioned-in my opinion-rather as a " polluting station ". Small though the actual number of cases may be, they acquire a more definite significance when we consider the relatively small number of shell-fish consumers in relation to the population as a whole, especially in respect of some expensive luxury oysters, which have a very strong indictment to meet. The almost universal system of insurance against damages tends to induce a cynical attitude amongst shell-fish planters and vendors, and is, in respect of its repercussions on the epidemiological position, an unmixed evil. (I may add, as a sort of stop-press, that within the last few days I have learned the details of two more recent cases attributed, on very strong presumptive evidence, to shell-fish.)
ECONOMICS OF PURIFICATION
My second point is relative to the economic position. The Conway installation is self-supporting. The purification fee is on a sliding scale, being fixed to cover all expenses with a small balance for contingencies. At present it is Is. ld. per bag of II cwt. Even the fishermen refrain from grumbling-perhaps not unmindful of the fact that their small community has benefited to the extent of at least £100,000 as a direct result of purification.
The fee for oyster purification is higher, owing to larger capital charges (unduly large at Brighthngsea, as a result of the abnormal expenses attaching to an economically unsuitable site, and initial engineering difficulties which I need not particularize). It is, at present, lOs. per 1,000 oysters. This fee caused tribulation among the planters, and predictions of early closing down owing to the losses incurred. In practice, the output of the tanks has, to date, consistently and materially increased, whilst certain planters import very large consignments of Portuguese oysters (that is to say, the cheapest variety) for treatment in the tanks, from beds upon which there is no ban and consequently no obligation to purify. I imagine that they do not do this for the purpose of courting loss.
Having given a bird's-eye view of the general position and the results achieved, I will now briefly describe the process and its rationale, with a discussion on the bacteriological principles involved.
STEPS IN PURIFICATION The exigencies of time preclude a lengthy description of the stages of the purification process; the necessary condensation will, however, serve to emphasize its extreme simplicity.
The mussels are spread by the fishermen, without undue violence, two deep, on wooden grids in large concrete tanks. They are then, after hosing with high-pressure tap or sterile sea-water to remove mud, given a bath overnight in sea-water sterilized by chlorine and dechlorinated with sodium thiosulphate (the " hypo " of the photographer), and again hosed to remove dejecta. The procedure is repeated over another night, including a third hosing. A final bath for an hour in sea-water containing 3 per million active chlorine (in which the shell-fish remain closed), to sterilize the outsides of the shells, completes the process. The fishermen then enter the tanks in sterilized sea-boots, and transfer the shell-fish to sterilized bags, which are then sealed with dated safety seals.
The purification of oysters is, in the summer (when the output is at its maximum), exactly the same as for mussels, except that a special multiple-jet hose is used to scour thoroughly under the flat shells. When the water temperature falls to or below 540 F., purification is carried out in covered tanks, the water being artificially kept at a mean temperature of 54°F. This taking of the extreme chill off the water (not, be it noted, putting into an enervating hot bath, as some critics have alleged) is necessitated by the fact that all varieties of oysters fail to open, to function, and to eliminate satisfactorily, at the lower temperatures at which mussels are quite happy.
It is unfortunately still impossible to convince everyone that there is not something mysterious and secret-some malign " dosing with chemicals "; or what not. For want of a better word " process " is used, but in fact, there is no " process " during purification proper. The shell-fish are merely given baths of clean water in which they conduct, unaided, their own process. The chlorine in the final bath merely destroys external bacteria, and rapidly disappears in contact with the shells, and is always all gone long before the shell-fish reach the consumer. This shell-sterilizing bath is not given at the outset of operations, for, though the vast majority of the shell-fish tolerate such a bath perfectly, there are, on occasion, some which display their resentment by keeping closed, and therefore unpurified, during the subsequent purification baths. Moreover, in any case, the final hosing necessitates the final sterilization of the shells as I shall indicate later.
RATIONALE OF PURIFICATION
As regards the principles involved in purification. These are wholly physiological.
Shell-fish, of the type under consideration, are extremely efficient animated ifiters, passing through themselves vigorous currents, actuated by ciliary movement. The gills are highly developed, subserving, predominantly, a nutritional-rather than a respiratory-function. The circulating water passes through them, and during its passage practically all suspended matter, including bacteria, is filtered out and retained within the shell-fish. Part of it is delivered to the mouth to be ingested and ultimately discharged as feeces, whilst excess is rejected as pseudo-faeces. A small proportion of bacteria may pass the filters to be discharged free into the water, but the number is reduced by successive filtrations, which recur at frequent intervals, as will be realized from the fact that a single mussel can filter at least ten gallons of water in twenty-four hours ; which, in practice, means that the whole of the water in a purification tank (40,000 gallons) may actually pass through the shell-fish some thirty or forty times during a purification period, each time undergoing renew-ed filtration.
The secret of the efficiency of the purification process resides in the fact that the bacteria are discharged imprisoned in the mucous material of the faeces and pseudofaeces (fine threads or pellets) which is practically insoluble in water. (Faecal threads have been kept six months in sea-water, without disintegration.) Such dejecta, loaded with bacteria, lie at the bottom of the receptacle, whilst the supernatant water remains sterile. Any agency which disturbs the dejecta, to the extent ofdisintegrating them, such as artificial aeration, violent wind action, &c., may stultify purification. (For this reason the tanks are made deep enough to nullify wind action.) Hosing, of course, disintegrates the dejecta; hence one cogent reason for the final chlorine bath.
As a result of the filtration by the shell-fish, the tank water, often initially verv turbid, rapidly clears, and in a couple of hours or less becomes glass-clear. This clearing of the water, with due consideration of the time factor, is taken as the chief criterion in judging the normal functioning of the shell-fish. Shell-fish function more vigorously, and for a longer time, in water containing suspended matter. Hence, artificial pre-filtration is not only unnecessary but actually disadvantageous-unless, of course, it is so defective that suspended matter passes through. [The remarkable action of the shell-fish in filtering out suspended matter was illustrated in the film.]
The keynote of the work during the pre-commercial experimental period, which lasted for a year, was "simplification ; that is to say, the elimination of anything in the nature of artificial aids to purification, several of which, notably chlorination.
had obtained currency as a result of the work of previous investigators.
The shell-fish themselves solved the problem of sterilization with the aid of added bactericides, by resolutely excluding water containing the smallest quantity of SuCh reagents-for instance, chlorine, simple and compound chloramines, acid sodium sulphate, &c.
Artificial currents, aeration, pre-filtration, and so on, all proved to be not only unnecessary but actually inimical to purification.
The experimental period for oyster purification lasted much longer-namely six winter seasons, during which research was concentrated upon ascertaining the optimum temperature necessary to achieve the best results in a practicable time.
As I have julst said, it was found that results strictly on all fours with those obtained with mussels emerged in the case of oysters, provided the water temperature in the cleansing tanks w-as maintained between 52°and 56°F.
OTHER METHODS OF PURIFICATION
I may here briefly refer to other methods of artificial purification. Several processes have been devised and put into operation (two of them have been patented), both in this country and abroad, for the purification of oysters, mussels, and clams.
Most of them have been abandoned as failures, whilst others, equally unsatisfactory.
are still carried on in a desultorv fashion, chiefly (and I say this advisedly) under the stimuilus of the fees Mwhich are exacted, in certain cases, by irresponsible persons.
I have had opportunities of inspecting typical examples of-I think I am right in saying-all such plants, both at home and abroad. The causes of failure are in most cases only too evident. Briefly, the protagonists of nearly all the schemes, apparently failing to realize the physiological principles involved, and feeling, perhaps, that they " must do something " more or less spectacular, introduce factors which annoy the shellWfish and prevent them getting on with their job of self-purification. This applies especially to cases where active chlorine is used. Failure of any provision for the removal of dejecta is another cause of failure; whilst violent agitation of the water by forced aeration put another process (long since abandoned) out of court. In other cases the oysters were smothered by overcrowding, and cluttered up with dejecta, the enterprise being killed by what was practically a strike amongst the vendors, who asserted that the shell-fish all died. The system of purification in tanks filled by the tide at half-water has failed fundamentally, because no convenient spot where sewage-free water was obtainable could be found, and unsuitable spots were consequently utilized.
Of course, the size of tanks does not arise. Purification can be done perfectly well in a pint pot. What does matter is reliable, efficiently-trained, and adequately remunerated supervision, which would seriously weight miniature installations. It is more than doubtful whether small and cheap installations could be run, shell-fish for shell-fish, as economically as those on the scale of Conway and Brightlingsea.
BACTERIOLOGICAL AND TOPOGRAPHICAL CONSIDERATIONS We now come to bacteriological considerations. I may say at once that my own view has always been-and certain recently observed phenomena, to be described later, have strongly reinforced it-that topographical considerations-that is to say, the pollutability of layings-must provide the real criterion in judging the suitability of shell-fish for human consumption, bacteriological examinations being merely complementary, often unnecessary, and not infrequently misleading. In this connexion we have, I believe, ample grounds for deeming approved and properly run purification tanks to be topographically satisfactory within the meaning of the Act.
On the other hand, intensive bacteriological research has, of course, been essential not only in the experimental stage ofpurification but during the commercial operations. With regard to the latter, certain unlooked-for-not to say startling-phenomena have come to light, and these have entirely altered our general perspective.
The original bacteriological findings have been fully dealt with elsewhere (Dodgson, 1928) , and I do not propose, either in this particular connexion or subsequently, to indulge in the recital of too many figures, difficult of digestion on the spur of the moment and in any case liable to obscure important general issues.
Briefly, a standard of purity for purified mussels automatically emerged-namely not more than 5 lactose-fractors (absolute count) per 1 c.c. of minced shell-fish incubated at 370 C. for twenty-four hours. The majority showed no growth. Five was unusual. Extension of the treatment beyond two days did not materially affect the end-result. The lactose-fractor population before purification was usually some hundreds per 1 c.c.
As regards oysters, a similar standard was established during the experimental stage. During the subsequent period of commercial operations, systematic routine analyses have shown markedly better results. Of the 700 individual oysters tested (1 c.c. minced shell-fish) 613 were sterile, the remainder showing from 1 to 2 lactose-fractors. A further 600 oysters tested in pools of five gave similar results. The lactose-fractor population of the unpurified oysters averaged some 50 per 1 c.c., with a maximum of 100. Reports from two municipal laboratories show even better results still. In one case analyses of whole oysters showed lactose-fractor sterility with incubation at 370 C. We may therefore claim that, to date, oyster purification, judged even by the stringent standard of incubation at 37°C., has approached perfection. (I may I will pass over the strenuous investigations called for by these happenings, and the precautionary measures of extra treatment, &c., which were taken. Suffice it to say that no fault was found in the purification operations (as, indeed, there hardly could be, in view of their simplicity), or in the mussels themselves, which, as shown by all the usual tests, were functioning vigorously and normally during the period of the worst bacteriological results. (I may add that an unusual mortality amongst the mussels occurred at one time but subsequent extended observation failed to confirm any correlation.)
Paradoxically, the very magnitude of the deviation from the normal appeared, on reflection (that is to say as soon as we had time to reflect), less disturbing than a minor deviation might have been. We were confronted with a new phenomenon, outside the orbit of mere defects in working or of physiological delinquencies of the mussels. Complete omission of the tank operations, or entire suspension of the activities of the mussels, could not have made them worse (for they were apparently much worse) than they were initially.
The first clue was afforded by the observation that all the colonies tested during the anomalous periods proved to belong either to the cloacae or aerogenes types. This refers not only to the prick-outs from plates but also to the cultures of 1 c.c. of mussel in liquid MacConkey. The Escherichia coli types were conspicuous by their absence. Of the strains isolated, all were acid-and gas-positive at 370 C., but failed to grow at 420, and were killed at 44'. The optimum temperature for the gelatinliquefiers was 200. The extreme rarity of these abnormal results has prevented us, during the last two years, from obtaining fresh material, but we originallycollected twelve strains, which have provided material for considerable research.
MULTIPLICATION OF LACTOSE-FRACTORS IN SHELL-FISH AND SEA-WATER
To cut a long story short, it was found, as a result of a long series of exhaustive and carefully controlled experiments, that organisms of the types just described may, at times, multiply enormously in mussels, barnacles (with which the mussels are thickly studded), and in raw sea-water, in sterilized tank-water, and in water recovered from the shell-cavities of purified mussels (taken with precautions to prevent laceration of tissue).
In spite of the prosecution of numerouslines of research, including some which I may describe as rather long shots (for instance the possible influence of variations in the oxidation reduction potential of the waters concerned on the multiplication of bacteria) we have, as yet, no clue to the nature of the conditions determining the anomalous periods, and cannot therefore even begin to legislate for them, even should they be considered significant in the public health aspect. My own view is that they are not.
That multiplication of citrate-positives may occur in purified mussels, well up to standard on despatch, on the way to and at the markets, was abundantly shown, not only by ad hoc experiments at Conway, but by actual market experiments carried out in collaboration with Dr. Newsholme of Birmingham and his staff.
A few examples, by no means exceptional, may be quoted. A sample (10 mussels) from a batch, clean on despatch, showed 900 lactose-fractors per 1 c.c., on return to Conway forty-eight hours after despatch. The barnacles from three purified mussels were found to be harbouring some 300,000 citrate-positives, whilst another batch of barnacles which had been sixteen days in the tanks with daily changes of sterile water contained 10,000 organisms of the B. cloaca type in 1 c.c. of crushed barnacle. The mussels to which the barnacles were attached were free from lactose-fractors. In view of the feeding mechanism of the banacle, and as a result of experiment, the conclusion that multiplication takes place is inevitable. During what we may call the normal conditions, barnacles on purified mussels are usually found to be clean. It is not possible definitely to assess the part played by barnacles in the production of anomalous results, but they are a potential source of post-purification pollution of mussels, as many of them are crushed in transit and their contents liberated. Oysters have never shown any anomalous results. The fact that they carry no barnacles may be of significance or it may not.
With regard to the multiplication of lactose-fractors in water. We have had almost continuous experiments in progress for some two years, with the result that we have been able to confirm, with sea-water, the remarkable results obtained by Bigger (1937) with tap-water. In samples of shell-water from raw, chlorinated, and purified mussels respectively, we have demonstrated multiplication of citratepositives (i.e. methyl-red negative) obtained during anomalous periods, which, though marked (e.g. from 20 to 20,000 per 1 c.c. in three days), was not of the same order of magnitude as the multiplication observed in autoclaved water, of both citrate-positives and strains of typical B. coli, for instance, from tens to tens of millions in a few days. What, then, is the solution ? My own view is that a perfectly satisfactory one is to be found in incubation at 440 C., a solution already strongly advocated by G. S. Wilson (1935) and others in the case of milk. For the last two years we have carried out a series of experiments at 400, 420, 440, and 450, with controls at 370 C. I cannot, of course, enter into any analysis of results now; suffice it to say that at 440 C. all the citrate-positives derived from shell-fish-that is to say, the group comprising the " multipliers " responsible for the anomalous results-are eliminated, whilst the great majority of typical B. coli grow. The minority of typicals which do not show up are mostly merely inhibited, and can be recovered later, if desired-the citratepositives being killed. Some of the intermediate types, which are weakly citratepositive, grow at 440 C., but this is immaterial. I would deprecate any hair-splitting about the significance of borderland bacteria, and what not. At one time controversy raged around the faecal significance of the endless series of variations in the fermentation reactions with what are conveniently, if loosely, called the " sugars ". The sum of academic knowledge was doubtless increased, but practical shell-fish issues were merely obscured. Ten years ago I had the temerity to say, in a published paper, that this controversy reminded me of the Schoolmen who argued interminably over the number of angels that could be accommodated on the point of a needle. I hope we may resist any temptation to embark on another " needle " controversy over the faecal and non-faecal significance of borderland organisms. Precise knowledge is lacking, and if we do not confine ourselves to broad issues we shall get nowhere.
It is agreed that as matters stand at the moment it is desirable to have a market test for shell-fish. We have carried out a long series of tests at 440 C. with unpurified mussels from numerous polluted sources, with controls at 370 C. The relative counts vary somewhat widely, but, generally speaking, a tightening-up of the criteria of pollution about five times would probably meet the case. A conference amongst those concerned, with the data available at their disposal, would be very helpful.
It is interesting to note that in America similar difficulties have been encountered, leading to adverse criticism of the methods hitherto usually employed in assessing shell-fish pollution. One of these difficulties has been the high " scores " found in shell-fish from beds manifestly topographically clean. It has now been found that such anomalous " scores " have been due to the inclusion of citrobacters, and it has, moreover, been demonstrated that these citrate-positives multiply prodigiously in the shell-fish. There is thus an interesting parallelism between the American findings and ours. The acceptance of Escherichia coli only, as an indicator of fcal pollution of shell-fish, was recently advanced at the Annual Meeting of the Society of American Bacteriologists (December 28, 1937) , and incubation at 440 C. or 450 C., for the standard tests was put forward (Perry, 1937) .
CONCLUSIONS AND RECOMMENDATIONS
In conclusion, I may briefly sum up the position as follows: Medical opinion is insistent upon the urgency of the adoption of measures designed, in the interests of public health, adequately to grapple with the present very unsatisfactory shell-fish position. Such opinion has been crystallized from time to time in influential representations-notably in Resolutions passed by the British Medical Association in 1936, and by the Association of Port Sanitary Authorities in 1935 and 1937-urging the adoption of compulsory purification in this country, by an approved method, of all shell-fish, whether home-grown or imported.
It is submitted that, failing a better, the method just described, which is approved by the Ministries of Health and Agriculture and Fisheries, offers a ready means of implementing the Resolutions just referred to, being simple and practically fool-proof in operation and economically sound, and experience extending over nearly a quarter
